It is urgent for us to develop hydropower resources of the rivers flowing naturally. In view of the present situation of the low efficiency transformation ,the cross-flow vertical hydraulic turbine for free flow is presented with its advantages of simple ,high-reliability and environmentally benign energy technologies. The conversion efficiency is improved effectively by the design of the water guide mechanism and governor. The strength and vibration models of the turbine are made based on finite element method. Its market prospect is very broad, and the economic and social benefit is remarkable.
INTRODUCTION
There are huge kinetic energy power resources with low-head waters in our country, which includes rivers without dams, tidal streams, and ocean currents, such as the Brahmaputra Valley and the Yangtze River. The development and utilization of water resources with low-head waters and the transformation of water energy into electrical energy have been the subjects of many scholars. Prof Gorlov invented a cross flow unidirectional helical turbine that has been developed to operate in free or ultra low-head water currents without dams. Gorlov's hydroturbine transforms 35% of the kinetic energy of the water into electrical energy, running on the Mississippi all the time [1] .Khan and Anyi show that the horizontal axis river current turbine for a power generation has been in a stage of field experiments and field applications in some countries such as Sudan, Bangladesh, Egypt, Sudan, Somalia, Australia and South America and the United States [2, 3] . Scotrenewables Tidal Turbine consists of a single 32m long buoyancy tube with two horizontal axis turbines, which turbine has a 12m diameter rotor, the center of which is 11m from the main structure. This makes it a feasible technology for approximately 70% of the UK's tidal resource [4] .Canada energy center has developed 5-25kw set Darrieus vertical axis water turbine, suitable for 1-4m/s flow rate and the efficiency of 45% [5] .Fruitful results have got in the development of marine power generation technology at home and abroad, but for the tidal turbine of marine is not entirely suitable for river power. As an energy converter for free flow in river, the structure type and hydrodynamic performance of the water turbine are developing sustainably. Based on the study of the principles and structures of various turbines, a kind of cross-flow vertical hydraulic turbine for free flow is proposed with high efficiency, simple structure and high reliability.
STRUCTURE DESIGN
The cross-flow vertical hydraulic turbine for free flow comprises: shell body1,main shaft 2, transmission3, runner4, blade41, disc 42, governor51, block 52, lower bearing 6, underwater base 7, upper bearing 8, interstitial structure9, inlet 11, other minor, figure 1-2.
The runner of the hydraulic turbine is vertically connected with the underwater base through the lower bearing of the main shaft, and the upper end is connected with the transmission. The water is impacted at the inlet blade for the first time, the energy conversion accounted for 72% of total energy; then flowing from the center to the outlet blade, the second energy conversion accounted for 28% of total energy. When the water velocity decreases, the power generation efficiency of the water turbine remains basically unchanged by controlling the governor. The governor comprises a speed regulating blade, a shaft and two limiting blocks. The speed regulating blade is installed between the runner and the interior shell, and the speed governing shaft drives the blade to adjust the runner speed. when the speed regulating blade is near to the runner, the upper and lower limit block in the shell is used to prevent the governor to contact the runner.
The hydraulic turbine for free flow can be designed according to river flow and flow velocity, and the maximum cross-section is 5*4m2.The turbine runner can be installed along the same main shaft in series, and the power generation can reach 10MW.The efficiency of hydraulic turbine is about 75%.
KINETIC ANALYSIS Strength Analysis
The model of the cross-flow vertical hydraulic turbine for free flow is as shown in Figure1-2:runner high 2m, diameter 2m, main shaft diameter 200mm, blade thickness 10mm, disc thickness 20mm, blade number 18, blade internal diameter in runner disc is 1m, blade external diameter in runner disc is 2m, the center angle of each blade is 20 degrees, the blade number of the runner inlet section is 7 blades, the water turbine power is 200kW, the speed is 30rpm.
The strength of the blades and main shaft are calculated by the above formula, The shell element 181 model is used to validate the result on the Ansys10 software platform(tableI).
TABLE I. THE MAXIMUMSTRESS STRENGTH(MPa).

Vibration Analysis
On the Ansys10 software platform, the vibration modes of the runner are calculated (Table II) . Because of the low rotational speed of the runner, the effects of stress stiffening and rotation softening effects on the vibration frequency can be neglected. Since the three order vibration frequency of the runner is lower, a damping material is designed to reduce the coupling vibration at the two ends of the main shaft. 
RESULT ANALYSIS
On the basis of the research of low water head turbine, the cross-flow vertical hydraulic turbine for free flow is designed. Our country has rich free flow or lowhead water resources, by using the new type of hydraulic turbine we can save hugedam construction costs, this is one of the most consistent with the low cost efficiency and environmentally friendly new energy technology. The efficiency of power generation is effectively improved by the design of the space between the governor and the inlet passage of the water turbine. Furthermore, in a large flow river environment, the water turbine can be adapted to any depth of water by connecting a plurality of runners in a main shaft and connecting into a whole.
The cross-flow vertical hydraulic turbine for free flow is larger in volume, and the stress of the runner is in a very complicated state under the working condition. When establishing the runner's simulation model, the actual working conditions should be contacted, and the load characteristics of hydraulic eccentric and centrifugal force should be taken into account so as to improve the accuracy of calculation. In the finite element analysis, the relevant components should also be analyzed theoretically or tested to verify the result.
